Abstract-The rate of accretion of matter from a solar-type star onto a primordial black hole (PBH) that passes through it is calculated. The probability that a PBH is captured into an orbit around a star in a galaxy is found. The mean lifetime of the PBH in such an orbit and the rate of orbital captures of PBHs in the galaxy are calculated. It is shown that this rate does not depend on the mass of the PBH. This mechanism cannot make an appreciable contribution to the rate of observed gamma-ray bursts. The density of PBHs in the galaxy can reach a critical value-the density of the mass of dark matter in the galaxy.
INTRODUCTION
There have been several important developments in astronomy over the past two decades associated with the discovery of objects that are candidate black holes. Black holes with galactic masses (10 6 −10 9 M ), stellar masses (∼1 M ), and intermediate masses (∼10 3 M ) have all been identified. Naturally, black holes with masses that are much less than a solar mass can be detected only indirectly (such as via gravitational microlensing). So-called primordial black holes (PBHs) are in this class. They can be formed only in the early stages of evolution of the Universe, since the natural evolution of a star does not permit the formation of black holes with masses less than a solar mass.
A black hole will unavoidably "devour" any matter in the immediate vicinity of its gravitational radius (more precisely, within about 3r g ). Therefore, if a PBH is located inside a star, the life of the star will be shortened by some time. After the passage of this time, all the remaining matter of the star will unavoidably collapse into the black hole.
One consequence of the collapse of the star into such a PBH should be a powerful gamma-ray outburst, which is emitted by the remnants of the stellar material. It is possible that such gamma-ray bursts contribute to all the cosmological gamma-ray bursts that are observed in the Universe on a continual basis. Knowing the rate of accretion of matter onto a PBH and the distribution of PBHs in space, we can estimate the rate of associated gamma-ray bursts and compare it with the observed rate, and also estimate the number of PBHs in a galaxy.
RATE OF ACCRETION OF A STAR ONTO A PBH
A model for accretion onto a black hole has been considered in detail in [1, 2] , and we present here only the main conclusions of this theory.
We consider the hydrodynamical theory of accretion onto a black hole. The gravitational radius r g of the PBH with mass m is assumed to be much smaller than the scale on which the self-gravitation of the star becomes stronger than the gravitation of the PBH. We denote this scale R sg ; note that it should be much smaller than the size of the star itself R ≈ 7 × 10 10 cm (for a star of mass M ≈ 2 × 10 33 g). We then have
The rate of accretion onto a PBH with mass m is equal to (the Bondi solution)
Here, λ is a constant of order unity, ca is the sound speed in the star (c 2 a 2 = dP/dρ ), cβ p is the speed with which the PBH moves through the star (at the perigee of its orbit, a β p ), and ρ is the mean density of matter in the star. Thus, during its passage through the star, the PBH "digs a tunnel" in the stellar material with a cross-sectional area
The associated change in the star's mass is
During this accretion, the internal parameters of the star (dependence of the temperature and density on radius) can be taken during computations to be equal to the solar values from [3] . Questions related to the stationarity of the accretion are considered in Appendix 1.
CAPTURE OF A PBH IN A STELLAR
ORBIT (ORBITAL CAPTURE) Moving in a galaxy with virial speeds of the order of cβ ∞ ≈ 300 km/s (β ∞ ≈ 10 −3 ), a PBH has some probability to collide with stars. The cross section for such a collision S is π multiplied by the square of the maximum impact parameter at infinity, for which the PBH passes "within half" the radius of the star. The quantity S is determined by equating half the stellar radius and the distance from the star to the PBH at the perigee of its orbit for the motion of the PBH along a hyperbolic trajectory:
Before the collision, the speed of the PBH is more than a third of the cosmic velocity for such a star. The speed at infinity β ∞ is related to the speed just before the collision (at perigee) by the formula
Since momentum is conserved in collisions involving the PBH, its speed will decrease as its mass increases. Thus, its speed immediately after a collision will be lower than it was just before the collision. The collisions will continue until the PBH is captured into an orbit by a star, i.e., until the speed of the PBH turns out to be less than a third of the cosmic speed after a collision:
Thus, the total change in the speed of the PBH required for orbital capture should be
In accordance with the conservation of momentum and expression (4), the change in speed during the collision process is determined by the formula
Accordingly, the number of collisions required for orbital capture is
We can see that, in order for an orbital capture to occur as a result of the first collision, the mass of the PBH before the collision must be m ≈ 0.2 M . In this case, the mass m of the PBH will approximately double as a result of the collision.
RATE OF ORBITAL CAPTURES OF PBH IN A GALAXY
We can determine the mean time T 1 between collisions using the formula Sβ ∞ cT 1 = V 0 , where V 0 = R 3 0 is the mean volume per star in the galaxy (R 0 ≈ 10 l.y. ≈ 10 19 cm):
Thus, the time for the mean free path of a PBH (until its orbital capture) is τ = kT 1 . If the total number of uncaptured PBHs in the galaxy is N bh , some number of them (N t ) will be captured by stars over a time t:
The number of PBHs in the galaxy is given by the relation N bh = κM tot /m, where M tot ≈ 10 46 g is the total mass of the galaxy (assuming it is similar to the Milky Way) and κ is a coefficient determining the mass fraction of PBHs in the galaxy (0 < κ < 1). We can see that (11) does not depend on the mass of the PBH. The rate of orbital captures of PBHs in the galaxy is then
Thus, the rate of orbital capture can reach values of the order of one capture every million years in a Milky Way-type galaxy.
LIFETIME OF A PBH IN ORBIT AROUND A STAR
If the lifetime of a PBH in orbit is less than the lifetime of the star (∼10 9 yr), PBHs will not be accumulated in the galaxy.
The lifetime of a PBH in orbit is determined by the increase of its mass by a factor of two due to accretion. The corresponding number of revolutions n of the PBH around the star is given by the relation
